Technology of electric field (EF) control of magnetic properties is attractive for spintronic devices. In particular, it has been shown that the EF can change the magnetization and the magnetic anisotropy. 1-3) According to an experimental study, 2) an EF less than 0.1 V/nm causes a large change of 40% in the magnetic anisotropy energy (MAE) of the Fe/Au (001) film. Also, another experimental study 3) using the Co/Pt(111) film in the EF has shown that the Curie temperature of the film is changed up to 6 K by applying an EF of about +0.2 V/nm while down to −6 K by applying an EF of about −0.2 V/nm.
assume hcp stacking of the Co adlayer on the Pt(111) surface because the Co adatom prefers to occupy an hcp-hollow site on the Pt(111) surface. 9) We use the lattice constant of the triangular lattice, 2.78 Å, which is calculated from the lattice constant of fcc Pt, 3.92 Å. All the interlayer distances between adjacent atomic layers of Co/Pt(111) are optimized calculating the forces acting on the Co and Pt atoms in the absence of the EF. The optimized interlayer distances are shown in Fig.1 .
The EF is applied as follows. We change the total number of electrons in the film; we denote this change per Co atom by ∆N. We introduce the following external potential originated in the electrode shown in Fig.1 :
Here, A cell is the area of the unit cell of the triangular lattice. We also use the two-dimensional Ewald method. 10, 11) All the atomic positions are fixed at those optimized in the absence of the EF. considered. The basis functions adopted in this study consist of the following atomic orbitals: 1s, 2s, 2p, 3s, 3p, 3d, and 4s orbitals of the neutral Co atom, 3d, 4s, and 4p orbitals of the Co 2+ atom, 1s, 2s, 2p, 3s, 3p, 3d, 4s, 4p, 4d, 4f, 5s, 5p, 5d, and 6s orbitals of the neutral Pt atom, and 5d, 6s, and 6p orbitals of the Pt 2+ atom. The Brillouin-zone integration is carried out using the good-lattice-point method with 610 k points. The convergence of the MAE with 2/6 respect to the number of k points is about 0.04 meV/Co, which occurs almost systematically with the same set of k points, irrespective of the magnitude of the EF; hence, this error does not affect the dependence of the MAE on the EF very much. To speed up the convergence, we use a modest Fermi distribution smearing of eigenstates with a small width of 30 meV.
The calculated spin moments of the Co, Pt(I), Pt(II), and Pt(III) atoms are shown in Fig.3(a) , because one half of this decrease is due to a slight increase in the number of the Co 3d electrons shown in Fig.5(a) , +0.02, and the other half is due to their redistribution. On the other hand, the number of the Co 4s electrons is changed noticeably;
this change explains the change in the number of electrons of the Co atom shown in Fig.4.(a) .
The reason for this behavior might be that, compared with the Co 3d electrons, the Co 4s electrons play a major role in the screening of the EF. This might be originated in the difference between Fe and Co. Another possibility is that we did not take account of the structure change of Co/Pt(111) due to the application of the EF or the insulator layer on Co/Pt(111). In particular, the structure change due to the EF can alter the dependence of the MAE on the EF. We need to study the effects of the EF on the MAE, taking these points into account in the future.
5/6

